An improved method for university building’s energy efficiency index using cluster approach by Abu Bakar, Nur Najihah
  
 
 
AN IMPROVED METHOD FOR UNIVERSITY BUILDING’S ENERGY 
EFFICIENCY INDEX USING CLUSTER APPROACH 
 
 
 
 
 
 
 
 
 
 
 
NUR NAJIHAH BINTI ABU BAKAR 
 
 
 
 
 
 
 
 
 
 
 
 
UNIVERSITI TEKNOLOGI MALAYSIA
i 
 
 
 
AN IMPROVED METHOD FOR UNIVERSITY BUILDING’S ENERGY 
EFFICIENCY INDEX USING CLUSTER APPROACH 
NUR NAJIHAH BINTI ABU BAKAR 
A thesis submitted in fulfilment of the 
requirements for the award of the degree of 
Master of Engineering (Electrical) 
Faculty of Electrical Engineering 
Universiti Teknologi Malaysia 
MARCH 2015
iii 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Specially dedicated to my beloved family, 
especially to  
my parent, Abu bakar Ali & Norhayati Abu Seman, 
my lovely husband, Mohamad Nor Hafiz Mahmood, 
my son, Mohamad Zhariff Hakimi, 
my supervisor, PM Dr Mohammad Yusri Hassan, 
and all my dearest friends  
who encouraged, helped, guided, and inspired me 
throughout my journey of education  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
iv 
 
 
 
ACKNOWLEDGEMENT 
Alhamdulillah. Thanks to the Almighty Allah S.W.T, for His blessings and 
guidance for giving me inspiration and strengths along this journey in completing my 
thesis. 
First and foremost, I would like to express my hearty gratitude to my 
supervisor, Assoc. Prof. Dr. Mohammad Yusri bin Hassan for the guidance and 
enthusiasm given throughout the progress of this project. Without his advice and 
valuable comment in the making of this project, I will never be able to achieve this 
stage. I am deeply grateful to have him as my supervisor and also my mentor. 
Most importantly, I would like to convey my special deepest thanks to my 
parents, Abu Bakar Ali and Norhayati Abu Seman, who had persistently giving 
spiritual motivation and inspiration throughout my study. I am also indebted and 
grateful to my husband and son whose love is boundless and constantly encouraged 
me throughout my studies. With their concern and support, I managed to motivate 
myself to finish this project.  
Not forgotten to Kementerian Pendidikan Malaysia (KPM) and Universiti 
Malaysia Perlis (UNIMAP) for funding my master study through the scholarship of 
Skim Latihan Akademik Bumiputera (SLAB).  
Last but not least, my sincere appreciation also extends to all my colleagues, 
administrative staffs at Faculty of Electrical Engineering, all members of the 
Research Management Centre (RMC), UTM and others who have provided 
assistance at various occasions. Their views and tips are useful indeed.  
Unfortunately, it is not possible to list all of them in this limited space. 
v 
 
 
 
ABSTRACT 
Energy consumption in commercial buildings is a main concern due to the 
increasing trend in energy consumption globally.  For this reason, energy efficiency 
in buildings has now become an important subject of energy policies at all levels.  
Many methods have been proposed to provide an effective way for regularly 
monitoring the performance of energy consumption as well as to reduce energy 
usage.  Energy Efficiency Index (EEI) is one of the energy consumption indicators 
that is widely used in the building sector for measuring energy performance.  This 
index is generally measured based on the energy used per unit of building floor area.  
A low building EEI indicates a large energy saving potential for the building.  The 
current method of determining EEI based on the floor area is not able to identify the 
optimum level of energy usage since it does not consider the number of occupants 
and effective time usage in the energy performance evaluation.  This thesis proposes 
a new mathematical algorithm for the determination of a building’s EEI to accurately 
identify the energy performance of the building.  Unlike the existing method for 
determining EEI, the proposed algorithm tracks the building performance by 
clustering the building according to room activities.  The proposed algorithm is 
incorporated with a shifting method, retrofitting strategy and human behavioural 
practice to justify the parameters involved in the EEI configuration. A case study was 
carried out using a university building and results show that two elements with 
significant influence on EEI performance are the number of occupants in the room 
and operation hours.  The usage of rooms with an appropriate number of occupants 
decreased the EEI to 52.66% averagely.  In addition, by considering the effective 
time of load usage, the reduction of EEI occurred up to 33.3%.  The proposed 
algorithm does not only provide an effective energy performance index, but is also 
able to track the optimum level of energy usage. 
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ABSTRAK 
Penggunaan tenaga di bangunan-bangunan komersial telah menjadi tumpuan 
utama berikutan peningkatan pola dalam penggunaan tenaga di seluruh dunia.  Oleh  
itu, kecekapan tenaga di dalam bangunan kini di ketengahkan di dalam polisi tenaga 
di semua peringkat.  Pelbagai kaedah telah dicadangkan bagi menyediakan cara-cara 
yang berkesan untuk sentiasa memantau prestasi penggunaan tenaga dan juga untuk 
mengurangkan penggunaan tenaga.  Indeks Kecekapan Tenaga (EEI) adalah salah 
satu peranti penggunaan tenaga yang diguna secara meluas dalam sektor bangunan 
untuk mengukur prestasi tenaga.  Indeks ini umumnya diukur berdasarkan tenaga 
yang digunakan bagi setiap unit keluasan lantai bangunan.  Bacaan EEI bangunan 
yang rendah menunjukkan potensi penjimatan tenaga yang tinggi untuk bangunan.  
Kaedah terkini dalam menentukan EEI berdasarkan keluasan lantai tidak dapat 
mengenal pasti tahap optimum penggunaan tenaga kerana ia tidak mengambil kira 
bilangan penghuni dan juga penggunaan masa yang berkesan dalam penilaian 
prestasi tenaga.  Tesis ini mencadangkan satu algoritma matematik yang baru bagi 
penentuan EEI sesebuah bangunan untuk mengenal pasti dengan tepat prestasi tenaga 
bangunan.  Tidak seperti EEI yang sedia ada, kaedah EEI yang dicadangkan untuk 
menjejaki prestasi bangunan adalah dengan menganalisis kelompok bangunan 
mengikut aktiviti bilik.  Algoritma yang dicadangkan digabungkan dengan kaedah 
peralihan, strategi penambahbaikan dan amalan tingkah laku manusia untuk 
menjustifikasi parameter yang terlibat dalam konfigurasi EEI.  Satu kajian kes telah 
dijalankan ke atas bangunan universiti dan keputusan menunjukkan bahawa dua 
elemen yang mempunyai pengaruh yang besar ke atas prestasi EEI ialah bilangan 
penghuni di dalam bilik dan waktu operasi.  Penggunaan bilik-bilik dengan jumlah 
penghuni yang sesuai mengurangkan EEI kepada 52.66% secara purata.  Di samping 
itu, dengan mempertimbangkan masa yang efektif penggunaan beban, pengurangan 
EEI berlaku sehingga 33.3%.  Algoritma yang dicadangkan bukan sahaja memberi 
indeks prestasi tenaga yang berkesan tetapi juga dapat mengesan tahap yang 
mengoptimumkan penggunaan tenaga. 
